Correct estimates of size at first maturity (L 50 ) are useful for fish stock management and different methods have been proposed. In this study we propose the use of a modified logistic to estimate L 50 , including a variable asymptote (A). We also test the use of the Gonadossomatic Index (GSI) as a flag to establish the reproductive status of each female fish. The method is demonstrated using GSI data for four Neotropical fish species: Characiformes: Astyanax fasciatus (n = 473) and Oligosarcus robustus (n = 297); Siluriformes: Loricariichthys anus (n = 427) and Trachelyopterus lucenai (n = 195). The results were stable enough to propose this method be used for other fish species with different life histories and with a relatively unconstrained sampling programs. Nevertheless, a wide scale test program is desirable to identify any possible bias in this approach.
Introduction
Correct estimates of size at first maturity (L 50 -length at which 50% of the fish are mature) are useful for fish stock management. Different methods have been proposed to estimate L 50 . Trippel & Harvey (1991) made a review on this subject, evaluating six different approaches. Nevertheless, with most methods, each individual fish should be identified as reproductive or non reproductive. This recognition is usually visual, and subjective descriptions of macroscopic aspects of ovaries and testes at different maturation stages have been published frequently (e.g. Gerritsen et al., 2003) . A more unconstrained approach, such as the direct use of the Gonadosomatic Index (GSI), is restricted to the description of the seasonal cycle of reproduction.
Although different methods are available, most of the published papers apply some kind of logistic function to estimate L 50 (e.g. Quaatey & Maravelias, 1999; Gonçalves & Erzini, 2000; Liu et al., 2001; Gerritsen et al., 2003; Dadebo et al., 2003; Lewis & Fontoura, 2005) .
In this study the use of a modified logistic with a variable asymptote is proposed to estimate L 50 from GSI data and different values of the Gonadosomatic Index (GSI) are tested as flag criteria to determine the reproductive status of female fish.
Material and Methods
To test the use of the Gonadossomatic Index (GSI) as a reproductive flag to estimate size at first maturation (L 50 ), GSI data of four fish species were used: Characiformes: Astyanax fasciatus (n = 473) and Oligosarcus robustus (n = 297); Siluriformes: Loricariichthys anus (n = 427) and Trachelyopterus lucenai (n = 195 15, 20, 25, 30, 35, 40, 50, 60 and 70mm) . The fish were weighed to the nearest 0.1g, total length was measured to the nearest mm, and gonads were weighed to the nearest 0.001 g.
The equation model to estimate size at first maturity is: P = A.(1+e ) -1 ; where P is the proportion or ratio of reproductive females for each size class; A is the curve asymptote; r is a rate parameter related the speed of size change from non reproductive to reproductive status; L t is the total length (cm) and L 50 is the size at first maturity (cm). Parameter estimations were performed using the Non Linear Regression routine of SPSS 11.0 (Levenberg-Marquardt algorithm) from frequencies of reproductive to non reproductive females grouped in 1-2mm size classes. As a flag criteria of the reproductive status, individual GSI values were transformed into percentages of the maximum registered GSI for each species. As a simulation approach, flag values of 5%, 10%, 15%, 20%, 25%, and 30% of the maximum registered GSI were tested as criteria to identify engagement into reproduction.
Results
Logistic equations are used to estimate L 50 because these simple mathematical functions can emulate a cumulative normal curve where L 50 correspond to normal average. That is, L 50 is the average size of an age-group when it starts to reproduce for the first time (age-group mean length in the middle of the reproductive period). Figure 1 shows an example of a growing age-group with temporal relative frequency of three different reproductive stages. For simplicity, each maturity stage has a standard deviation of one month and is one month apart. In this simulation L 50 is 17.3cm, attained at age 10 months when most of the females are identified as reproductive (maturing + spawning + post-spawning). Nevertheless, it is interesting to note that even at the age 10, when most of the animals are engaged in reproductive activities, only 90% of the individuals could be identified as reproductive (Fig. 1) . If computed all the animals captured during the three months of greatest reproductive activity, only 75% would be identifiable as reproductive in this simulation. Of course, this figure depends on how wide each reproductive stage is (standard deviation) and that frequencies do not necessarily follows a normal probability curve. In addition to the limitations of simple computer simulation, we should be aware that in some cases not all adult individuals can be identified as reproductive during the reproductive period. The central point is that regular logistic equations present asymptotic behavior which stabilizes at one (or 100%): from a certain size all individuals must be correctly identified as adults, and this can not be true (Trippel & Harvey, 1991) .
Figure 2 presents three different logistic curves. The left curve shows a logistic curve with an asymptote at one and L 50 of 17.3. The central curve represents real frequencies from the simulation of Fig. 1 , considering animals captured in the three months of greatest reproductive activity (9 to 11). In this case, asymptote is at 0.75 (a maximum of 75% of animals could be identified as reproductive). The right curve results from trying to apply a regular logistic, with asymptote at one, to frequency data from the present simulation. Errors resulting from this approach could be significant, biasing L 50 to greater values. Although this bias could be easily identified in Fig. 2 , the error may be obscured by poor data series with large size classes. Figure 3 Figure 4 presents the frequency distribution of individuals as percentages of the maximum GSI for each fish species. The intention was to identify a natural and clear threshold to distinguish between reproductive and non reproductive animals. Nevertheless, as can be seen in Fig. 4 , there is no common pattern of frequency distribution and a natural threshold is unclear. The only observed pattern is that modal frequencies are always under 10% and in three of four cases, under 5%, which suggests that when not engaged in reproduction, ovaries present a GSI of less than 10% of the maximum possible GSI.
Results from testing different flag values of GSI to estimate L 50 are presented in Table 2 . It is interesting to observe that the selected cutting edge to classify animals as reproductive or non reproductive (5 -30%) does not interfere in the estimated values of L 50 , as all resulting values are very similar, and most of them are equal, considering standard errors. As a general pattern, only the cutting edge of 5% apparently underestimates L 50 , as compared to greater cutting levels (Fig.  5) . By increasing the cutting flag criteria to higher values, the smaller number of animals identified as reproductive is compensated by a lower asymptote value, maintaining the relative position of the logistic function to the X axis, and consequently does not interfering with the estimates of L 50 .
Discussion
The first point to be discussed is why change a well established methodology to estimate L 50 . In most Brazilian labs working with fish biology there are no technical personal to process samples. All the work is done by graduate and undergraduate students with varying levels of skill. Skills are developed at the same time that mistakes are being made and even well trained students can have doubts about the limits of a maturation stage. On the other hand, once the ovary is identified, measuring its weight is a very simple task, and is not prone to large methodological bias. The result is numerical, can be statistically inspected and is precise enough for most purposes.
While the present approach was being developed, the main concern was related to the cutting line or flag to establish Table 1 . Available information concerning the size at first maturation for the fish species under analysis. an animal as reproductive or not. Two major problems were involved: (1) how big the GSI should be to consider the ovary as engaged in reproductive activities and (2) how sensitive the method is to this selected value. The first decision was that the flag GSI value should be species specific, and anchored as a fraction of the maximum registered GSI. A problem with this approach concerns the fact that the maximum GSI depends on the sample size, sampling site and sampling period. As the maximum GSI is not a stable parameter, how do the values obtained interfere with the estimates of L 50 ? It was a surprise to identify that the estimated values of L 50 were no different when using flag values from 5 to 30% of the maximum 
Species L50 (cm) Reference
Astyanax fasciatus 5.0 -11.9 Barbieri & Barbieri, 1988 Nomura, 1975 Oligosarcus robustus 12.6 -18. Table 2 . Estimates of the size at first maturation (L 50 ) for four fish species using different values of the gonadossomatic index (GSI) as criteria of maturation. Estimates were performed using the equation: F m = A / (1 + e -R (Lt -L50) ) through SPSS 11.5, non-linear adjustment routine. obtained GSI, indicating that precise information concerning maximum GSI is not critical to this methodological approach. Biased maximum GSI, by choosing different GSI flag values, will introduce variations in the estimates of the model asymptote (A), but the L 50 will remain stable as demonstrated in Table 2 . Another problem concerns the "one" (or 100%) asymptote of the regular logistic function. Although this is a pattern usually found in biological data, especially in species with time-restricted reproduction, this is certainly not a rule.
Comparing different methods to estimate L 50 , Trippel & Harvey (1991) identified four types of frequency distributions related to the different reproduction patterns. Distributions characterized by a failure to attain 100% maturity were classified as type IV by these authors. Figure 6 presents GSI data of adult females (larger then L 50 ; 11cm) of A. fasciatus throughout the sample program. Note that except for June (and October with no sample), in all other months there are individuals with large GSI values. Even in months with more intense reproduction, as in September to February, there are also a lot of females with small GSI values and probably not easily identifiable as reproductive using visual inspection or numerical criteria. In this case, if regular logistic is applied, a biased L 50 will be the result. Trippel & Harvey (1991) applied six different approaches to estimate L 50 to this kind of data and according to these authors none of the methods yielded useful estimates.
In the past, the use of a regular logistic was also justified because this function has only two parameters, and could be easily linearized by log-transformation. Nowadays, with powerful statistical packages, there is no practical reason to continue to use a regular logistic. In this case, even classifying animals visually as reproductive and non reproductive based on ovary or testes morphological (even histological) aspects, the adjusted mathematical model should be a logistic with variable asymptote as a general rule, which in some cases will be estimated as one (or 100%).
Concluding, this findings support the idea that the proposed methodology to estimate L 50 , using GSI data and a logistic function with variable asymptote, is robust and stable enough to be applied to fish species with different life histories and with a more unconstrained sampling programs. Nevertheless, a wide scale test program would be desirable to identify any possible bias of this approach.
